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Recent studies showed a link between cerebral small vessel white matter disease (SVD) 
and dizziness: patients whose dizziness cannot be explained by vestibular disease 
show severe SVD and gait abnormalities; however, little is still known about how SVD 
can cause this symptom. The primary aim of this study is to examine the possible under-
lying causes of dizziness in neurovascular patients; this is in order to assess whether 
treatable causes could be routinely disregarded. A secondary aim is to possibly define a 
central oculomotor pattern induced per se by SVD. This could help the diagnosis of SVD-
related dizziness. In this single-blind prospective study, 60 patients referred to a neuro-
vascular clinic because of dizziness and SVD on imaging were divided into an L-SVD and 
a H-SVD group (low and high SVD burden, respectively), and then blindly examined with 
vestibulometric tests. In H-SVD group, the percentage of unexplained dizziness reached 
82.8%. There was a higher prevalence of peripheral vestibular abnormalities in the L-SVD 
patient group (51.6%) than in the H-SVD (17.2%; p = 0.012). We found no differences in 
central oculomotor findings between the two groups. Although oculomotricity does not 
show any consistent pattern, a severe SVD can directly represent a cause of dizziness. 
However, a patient with mild SVD is more likely to suffer by a peripheral vestibular disor-
der. Therefore, given the high incidence of vestibular disease in neurovascular or geriatric 
clinics, clinicians should be cautious when ascribing dizziness solely to the presence of 
SVD as easily treatable peripheral vestibular causes may be missed.
Keywords: vertigo, dizziness, leukoaraiosis, vestibular loss, benign paroxysmal vertigo, white matter 
hyperintensities, aging, falls
inTrODUcTiOn
Cerebral small vessel white matter disease (SVD) has recently generated great interest in neurovas-
cular practice because of its possible role in the development of geriatric syndromes (1, 2). Although 
it has been established how SVD contributes to the development of cognitive decline and dementia 
(3, 4) and falls (5, 6), little is known about SVD as a possible cause of dizziness. White matter 
hyperintensities on T2-weighted and fluid-attenuated inversion recovery sequences on magnetic 
resonance imaging (MRI) are the radiological expression of SVD and represent a well-known marker 
of a higher risk of cerebral, cerebellar, and brainstem stroke (7). A study by Okroglic and colleagues 
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showed that dizziness, defined as an illusion of movement, could 
affect up to 17% of patients with SVD (8). In a previous study, 
together with the colleagues belonging to the Neurotology Unit 
of the Charing Cross Hospital in London, we looked at two 
groups of patients referred to neurotology services; one group 
with dizziness ascribable to definite causes (both peripheral and 
central vestibular disorders) and one with dizziness of an uncer-
tain origin (unexplained dizziness). We found that SVD burden 
represents a significant predictor of unexplained dizziness and 
gait abnormalities; we postulated that white matter lesions may 
induce dizziness either because patients perceive a degree of 
objective unsteadiness or by a cortical–subcortical disconnection 
syndrome, secondary to disruption of white matter tracts involved 
in gait and balance control (9). The present study addresses the 
following research questions: (1) Are there any underlying causes 
of dizziness in elderly patients with already known SVD? This 
question is of great relevance to clinicians in both neurovascular 
and geriatric clinics as, in patients with established SVD, some 
potentially treatable peripheral causes of dizziness/unsteadiness 
may be disregarded. (2) Can an accurate neurotological assess-
ment reveal any consistent central oculomotor pattern induced 
per se by SVD?
MaTerials anD MeThODs
In order to assess the two research questions, the study pro-
spectively analyzed the clinical data of 60 patients referred to 
the Neurovascular service of a tertiary referral center (Pisa 
University Hospital, Italy) because of chronic dizziness and/
or a degree of unsteadiness. The brain scan (1.5 or 3  T MRI) 
showed white matter lesions compatible with a degree of SVD. 
A vascular neurologist (NG) reviewed the scans and attributed 
a specific degree of SVD burden according to the Fazekas’ scale 
(7), which was in agreement with the neuroradiologist’s report. 
Although the reported dizziness could have been ascribed to 
SVD only, other possible causes had not been excluded. For this 
reason, the patients were then referred on to otolaryngology 
consultants belonging to the Neurotology service (NC, EN); a 
senior consultant (AC) reviewed both clinical and laboratory 
findings. The neurotological examination was done blindly to 
the MRI findings. All the patients were previously screened with 
the Mini Mental State Examination, in order to exclude subjects 
with cognitive impairment (patients scoring less than 25 were 
excluded), before referral to the neurotology service. Similarly, 
the vascular neurologists applied the following exclusion criteria: 
(1) major strokes or cerebral bleedings; (2) other causes of 
leukoencephalopathy (e.g., immune, demyelinating, metabolic, 
toxic, infectious, genetic); (3) severe unrelated neurological 
pathologies (e.g., severe neuropathy, spasticity, extrapyramidal 
syndromes); (4) psychiatric disorders or severe cognitive decline; 
(5) age greater than 90 years. Since the selection criteria excluded 
most of the neurological causes of explainable dizziness, patients 
without signs of peripheral vestibular disorders would have been 
likely to suffer from an unexplained dizziness.
This study was carried out in accordance with the hospital 
protocols. All subjects gave written informed consent in accord-
ance with the Declaration of Helsinki.
The neurotological assessment comprised the following: 
detailed clinical history, pure tone audiometry, oculography 
through a biocular mask with integrated infrared cameras 
(4-View system by Synapsys, Marseille, France), head shak-
ing test, caloric test, and video head impulse test (vHIT). 
Oculography was performed in order to reveal abnormalities 
beyond what is expected for the patient’s age: peripheral ves-
tibular features or central oculomotor abnormalities. Caloric 
test was performed according to a modified Fitzgerald–Hallpike 
technique: the external auditory canal was irrigated with 125 cc 
of warm (44°C) and cold (30°C) water for 30 s (7 min elapsing 
between irrigations); ocular responses were recorded through 
an infrared eye-tracking system (GN Otometrics, Taastrup, 
Denmark). Canal Paresis was considered as significant if greater 
than 25% (Jongkees formula). The vHIT was performed with 
a dedicated device (“ICS Impulse” system; GN Otometrics, 
Taastrup, Denmark—http://www.icsimpulse.com): the patient 
was asked to stare at an earth-fixed target (3 cm diameter spot 
located 1.5  m in front); then, 20 horizontal impulses (10–20° 
amplitude) were randomly administered to each side. An average 
of the vestibulo-oculomotor reflex (VOR) gain was calculated by 
the device software; when equal or lower than 0.69 was consid-
ered pathological; values between 0.70 and 0.79 were considered 
as borderline. Both caloric test and vHIT parameters have been 
validated according to our own normative data on healthy 
subjects. We considered as signs of peripheral vestibular involve-
ment the following: typical benign paroxysmal positional vertigo 
(BPPV) nystagmus, canal paresis on caloric test, and decreased 
gain of the VOR on vHIT. In defining central oculomotor pat-
terns possibly induced by SVD, we considered the following 
vestibular and non-vestibular central oculomotor abnormalities: 
gaze evoked nystagmus, cross-coupled head shaking nystagmus, 
downbeating (or atypical) positional nystagmus, spontaneous 
nystagmus of a central type, broken smooth pursuit, or saccades 
abnormalities. The severity of dizziness-related symptoms was 
investigated with the Dizziness Handicap Inventory (DHI) 
questionnaire (10).
statistical analysis
The Kolmogorov–Smirnov test and Levene’s test, were used, 
respectively, to assess normal distribution of data and homogeneity 
of variance. Differences between parametric and non-parametric 
data were assessed with a t-test for independent samples and 
Mann–Whitney test, respectively. We applied Chi-square test with 
Yates’ correction to determine differences between prevalence 
(frequency). Significance was set at p < 0.05. In order to address 
the research questions posed, we analyzed separately patients 
with SVD, by dividing them into low-grade SVD (Fazekas 0 or 1; 
L-SVD group) and moderate–high SVD (Fazekas 2 or 3; H-SVD 
group).
ethical standards statement
The study was approved by the local ethics committee and 
conducted in accordance with the principles outlined in the 
Declaration of Helsinki. All patients gave their informed consent 
prior to the inclusion in the study.
FigUre 1 | Peripheral vestibular causes of dizziness in L-SVD and H-SVD groups.
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resUlTs
There were 31 patients in the L-SVD group (age range 50–83 years, 
mean 69.7, SD 8.0) and 29 in H-SVD (age range 49–89  years, 
mean 73.4, SD 8.9); these two groups showed no differences in 
terms of age (t-test; p =  0.10). As expected, there was a small 
tendency to have higher grades of SVD in older people (Fazekas 
0–1, 2, and 3: mean age 69.7, 72.2, and 78.0 years, respectively).
In the majority of the patients, the neurotological assessment 
could not allow the clinician to detect pathologies different from 
SVD able to explain the dizziness. In particular, the percentage of 
unexplained dizziness reached 82.8% in H-SVD group and 48.4% 
in L-SVD group (Figure 1). At the same time, the neurotological 
investigations revealed the presence of peripheral vestibular 
abnormalities, involving mostly the L-SVD group. There was a 
higher prevalence of pathological vestibular signs of a peripheral 
type in patients with lower SVD burden (51.6% in L-SVD) with 
respect to those with higher burden (17.2% in H-SVD; Chi-
square test; p = 0.012). A significant canal paresis was found in 
12 patients (38.7%) of L-SVD (in 2 cases a very low slow phase 
velocity response—1.3 and 1.8°/s, respectively—indicated a 
bilateral vestibular hypofunction) and in 3 patients (10.3%) of 
H-SVD (Figure  1). Since unilateral canal pareses were always 
associated with pathological vHIT, in these cases the dizziness 
was likely due to insufficient central compensation after a previ-
ous vestibular loss. The two patients belonging to L-SVD group 
and having a bilateral vestibular hypofunction did not report any 
exposition to vestibulo-toxic agents; since they also showed mild 
signs of cerebellar involvement, they were then followed up in the 
Neurology clinic in order to exclude the development of cerebel-
lar ataxia or neuropathies (CANVAS syndrome). All the patients 
with vestibular hypofunction were then referred to a vestibular 
rehabilitation program. One of the most important findings of this 
study is represented by the percentage of unrecognized BPPVs. 
An undiagnosed BPPV was found in four patients (12.9%) of 
L-SVD and in two (6.9%) of H-SVD; these cases were then eas-
ily treated through canalith repositioning procedures. Detailed 
peripheral vestibulo-ocular findings are shown in Table 1.
Although in 71.6% of patients we detected minor to moderate 
central oculomotor abnormalities (Table 2), we were not able to 
identify consistent patterns. No difference between L-SVD and 
H-SVD was found in terms of prevalence of central oculomotor 
features like gaze-evoked nystagmus, cross-coupled head shaking 
test, downbeating (or atypical) positional nystagmus, spontane-
ous nystagmus of a central type, broken smooth pursuit, or minor 
saccades abnormalities (64.5% in L-SVD and 79.3% in H-SVD—
Chi-square test; p = 0.325) (Figure 2). Table 3 shows in detail 
the number of patients with central oculomotor abnormalities 
among different degrees of Fazekas’ scale (Table 3).
Dizziness Handicap Inventory scores varied greatly and on 
average were slightly higher in the H-SVD group (14.9 and 33.4 
in L-SVD and H-SVD, respectively); however, this did not quite 
reach statistical significance (p = 0.054).
DiscUssiOn
White matter hyperintensities on brain MRI are common accord-
ing to a normal aging, and they can affect diverse CNS regions 
(11, 12). The white matter lesions burden positively correlates 
with age, with a higher prevalence of severe SVD in patients 
older than 76 years (8). A significant involvement of the brain by 
SVD is linked with the development of geriatric syndromes (1, 2) 
Table 2 | Central oculomotor features in the group with low and medium–high 
small vessel disease burden (L-SVD and H-SVD, respectively).
l-sVD 
group
h-sVD 
group
N (%) N (%)
# Patients 31 (100) 29 (100)
Central 
oculomotor 
featuresa
Spontaneous/evoked nystagmus of a 
central type
5 (16.1) 7 (24.1)
Broken smooth pursuit 11 (35.5) 13 (44.8)
Hypometric saccades 4 (12.9) 8 (27.6)
Hypermetric saccades (overshooting) 1 (3.2) 2 (6.9)
Square waves jerks 2 (6.4) 4 (13.8)
Head shaking nystagmus with central 
features
2 (6.4) 4 (13.8)
aMore findings than cases are listed due to patients with multiple central oculomotor 
features.
Table 1 | Demographic characteristics and peripheral vestibular findings in the group with low and medium–high small vessel disease burden (L-SVD and H-SVD, 
respectively).
l-sVD group h-sVD group p-Value
N (%) N (%)
Demographics
Total 31 (100%) 29 (100%) 0.10
Sex M 20 (64.5), F 11 (35.5) M 13 (44.8), F 16 (55.2)
Peripheral vestibular findingsa Typical paroxysmal positional nystagmus 4 (12.9) 2 (6.9) 0.012
Spontaneous nystagmus (peripheral type) 4 (12.9) 2 (6.9)
Canal paresis 13 (41.9) 3 (10.3)
Abnormal head impulse test 4 (12.9) 2 (6.9)
Abnormal video head impulse test 13 (41.9) 3 (10.3)
aMore findings than cases are listed due to patients with multiple peripheral features.
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and can truly represent a clinical entity able to cause dizziness 
and falls in the elderly (6, 9). Eye movement control pathways 
for saccades and pursuit involve ascending and descending fibers 
between frontal and parietal cortex, basal ganglia, brainstem, and 
cerebellum (13).
Changes in vestibular function are also present with increasing 
age—including degeneration of peripheral vestibular structures 
(14), neuronal loss in the vestibular nuclei and their cortical 
projections (15), and a higher prevalence of BPPV (16). A cross-
sectional study in a population of elderly patients demonstrated 
a 9% prevalence of unrecognized BPPV; the multivariate analysis 
showed also that patients with unrecognized BPPV were more 
likely to have reduced daily living activities and depression (17). 
The primary aim of this study was to survey, with neurotological 
investigations, possible causes of dizziness in a group of SVD 
patients referred to a neurovascular clinic. Interestingly, despite 
the presence of SVD, we found a high incidence of pathological 
peripheral vestibular findings (35.0% of the total), particularly in 
patients with low-grade SVD; on the contrary, despite SVD being 
positively correlated with age, a high SVD burden was not related 
to a higher incidence of vestibular abnormalities. Furthermore, 
the lack of clear difference in DHI scores between L-SVD and 
H-SVD groups confirms that, in case of high burden, SVD can 
cause unexplained dizziness per se: the majority of patients with 
severe SVD have unexplained dizziness, in turn severe SVD can 
affect quality of life similar to a peripheral vestibular disorder. All 
these aspects agree with our previous study, in which the dizziness 
was explainable mostly in patients with lower SVD burden; on the 
contrary, SVD-related dizziness featured mostly in patients with 
higher SVD burden (9).
Our second research question was to determine whether 
increasing SVD could produce oculomotor abnormalities of 
diagnostic value, presumably by involvement of these pathways. 
Our study, however, did not show a significantly different preva-
lence of central oculomotor features between the L-SVD and 
H-SVD groups. Furthermore, no consistent pattern of abnormal 
oculomotricity was detectable. In agreement with Pinkhardt and 
colleagues, it may be possible that the deficits in oculomotor and 
cognitive functioning probably depend more on which fibers are 
hit by SVD rather than the amount of fibers affected (18).
This study has one major limitation, given by the lack of cor-
relation of our results with the topography of brain SVD lesions, 
more than with the total SVD burden. However, it shows a differ-
ent perspective for clinicians who routinely see elderly patients 
with dizziness or unsteadiness with white matter lesions on MRI: 
these kinds of symptoms, in case of mild SVD, are often associated 
with pathological vestibular findings. This is of relevance both to 
vascular neurologists and to gerontologists, because a consider-
able percentage of dizzy patients with mild SVD are more likely to 
suffer from an undiagnosed peripheral vestibular disorder. These 
kinds of pathologies are usually treatable either by therapeutic 
maneuvers (BPPV) (19) or by vestibular rehabilitation programs 
(uncompensated vestibular loss) (20); this would help also in 
reducing the risk of falls and depression.
In summary, in this study, we report that high load of SVD 
on imaging, absence of clinical/laboratory evidence of vestibular 
disease and, as reported in our previous paper, subtle gait and 
postural abnormalities (9), seems a way to support a diagnosis 
of SVD-related dizziness in elderly patients. However, in terms 
of diagnostic value, central oculomotor alterations do not seem 
to delineate any helpful consistent pattern. On the contrary, a 
complete neurotological evaluation seems to be crucial: the high 
prevalence of peripheral vestibular findings highlights the impor-
tance of recognizing any underlying, potentially treatable, cause 
of dizziness, especially those represented by peripheral vestibular 
disorders.
Table 3 | Patients with central oculomotor abnormalities among different 
degrees of Fazekas’ scale.
Fazekas 1 Fazekas 2 Fazekas 3
N/tot (%) N/tot (%) N/tot (%)
# Patients 31/60 (51.6) 22/60 (36.6) 7/60 (11.6)
Patients with central oculomotor 
abnormalities
20/31 (64.5) 17/22 (77.3) 6/7 (85.7)
FigUre 2 | Prevalence of central oculomotor features in L-SVD and H-SVD groups.
5
Cerchiai et al. Small Vessel Disease and Dizziness
Frontiers in Neurology | www.frontiersin.org June 2017 | Volume 8 | Article 241
eThics sTaTeMenT
This study was carried out in accordance with the hospital pro-
tocols. All subjects gave written informed consent in accordance 
with the Declaration of Helsinki. The protocol was approved by 
the Pisa University Ethic Committee.
aUThOr cOnTribUTiOns
NC: conception and design of the study, evaluation of patients, 
statistical analysis, drafting the article, critical revision, and 
final approval of the manuscript. MM: conception and design 
of the study, evaluation of patients, critical revision, and final 
approval of the manuscript. EN: contribution to the study design, 
evaluation of patients, critical revision, and final approval of the 
manuscript. NG: contribution to the study design, evaluation 
MRI scans, critical revision, and final approval of the manuscript. 
AC: contribution to the study design, review of clinical and 
laboratory findings, critical revision, and final approval of the 
manuscript.
acKnOWleDgMenTs
Thanks to Prof. Adolfo M. Bronstein and Dr. Hena Ahmad for the 
advice they gave us in interpreting our data. Thanks to Dr. Nicola 
Vernassa for his technical support.
FUnDing
This work was supported by “Fondazione Mario Marianelli” 
(Pisa, Italy), which significantly contributed to the purchase of 
some vestibulometric devices.
reFerences
1. Kuo HK, Lipsitz LA. Cerebral white matter changes and geriatric syndromes: is there 
a link? J Gerontol A Biol Sci Med Sci (2004) 59:818–26. doi:10.1093/gerona/59.8.M818 
2. Pantoni L, Fierini F, Poggesi A; LADIS Study Group. Impact of cerebral white 
matter changes on functionality in older adults: an overview of the LADIS 
Study results and future directions. Geriatr Gerontol Int (2015) 15(Suppl 1): 
10–6. doi:10.1111/ggi.12665 
6Cerchiai et al. Small Vessel Disease and Dizziness
Frontiers in Neurology | www.frontiersin.org June 2017 | Volume 8 | Article 241
3. De Groot JC, De Leeuw FE, Oudkerk M, Van Gijn J, Hofman A, Jolles J, et al. 
Periventricular cerebral white matter lesions predict rate of cognitive decline. 
Ann Neurol (2002) 52:335–41. doi:10.1002/ana.10294 
4. Tabara Y, Okada Y, Ohara M, Uetani E, Kido T, Ochi N, et al. Association of 
postural instability with asymptomatic cerebrovascular damage and cognitive 
decline: the Japan Shimanami health promoting program study. Stroke (2015) 
46:16–22. doi:10.1161/STROKEAHA.114.006704 
5. Kerber KA, Enrietto JA, Jacobson KM, Baloh RW. Disequilibrium in older 
people: a prospective study. Neurology (1998) 51:574–80. doi:10.1212/
WNL.51.2.574 
6. Sibolt G, Curtze S, Melkas S, Pohjasvaara T, Kaste M, Karhunen PJ, et al. White 
matter lesions are associated with hospital admissions because of hip-fractures 
and trauma after ischemic stroke. Stroke (2014) 45:2948–51. doi:10.1161/
STROKEAHA.114.006116 
7. Fazekas F, Kleinert R, Offenbacher H, Schmidt R, Kleinert G, Payer F, et al. 
Pathologic correlates of incidental MRI white matter signal hyperintensities. 
Neurology (1993) 43:1683–9. doi:10.1212/WNL.43.9.1683 
8. Okroglic S, Widmann CN, Urbach H, Scheltens P, Heneka MT. Clinical 
symptoms and risk factors in cerebral microangiopathy patients. PLoS One 
(2013) 8(2):e53455. doi:10.1371/journal.pone.0053455 
9. Ahmad H, Cerchiai N, Mancuso M, Casani AP, Bronstein AM. Are white 
matter abnormalities associated with “unexplained dizziness”? J Neurol Sci 
(2015) 358:428–31. doi:10.1016/j.jns.2015.09.006 
10. Jacobson GP, Newman CW. The development of the Dizziness Handicap 
Inventory. Arch Otolaryngol Head Neck Surg (1990) 116:424–7. doi:10.1001/
archotol.1990.01870040046011 
11. Salat DH, Tuch DS, Hevelone ND, Fischl B, Corkin S, Rosas HD, et  al. 
Age-related changes in prefrontal white matter measured by diffusion 
tensor imaging. Ann N Y Acad Sci (2005) 1064:37–49. doi:10.1196/annals. 
1340.009 
12. Vik A, Hodneland E, Haász J, Ystad M, Lundervold AJ, Lundervold A. 
Fractional anisotropy shows differential reduction in frontal-subcortical fiber 
bundles – a longitudinal MRI study of 76 middle-aged and older adults. Front 
Aging Neurosci (2015) 7:81. doi:10.3389/fnagi.2015.00081 
13. Hikosaka O, Takikawa Y, Kawagoe R. Role of the basal ganglia in the control of 
purposive saccadic eye movements. Physiol Rev (2000) 80:953–78. 
14. Baloh RW, Jacobson KM, Socotch TM. The effect of aging on visual-vestibular 
responses. Exp Brain Res (1993) 9:509–16. 
15. Lopez I, Honrubia V, Baloh RW. Aging and the human vestibular nucleus. 
J Vest Res (1997) 7:77–85. doi:10.1016/S0957-4271(96)00137-1 
16. Jahn K, Kressing RW, Bridenbaugh SA, Brandt T, Schniepp R. Dizziness and 
unstable gait in old age. Dtsch Arztebl Int (2015) 112:387–93. doi:10.3238/
arztebl.2015.0387
17. Oghalai JS, Manolidis S, Barth JL, Stewart MG, Jenkins HA. Unrecognized 
benign paroxysmal positional vertigo in elderly patients. Otolaryngol Head 
Neck Surg (2002) 122:630–4. doi:10.1016/S0194-5998(00)70187-2 
18. Pinkhardt EH, Issa H, Gorges M, Jürgens R, Lulé D, Heimrath J, et al. Do eye 
movement impairments in patients with small vessel cerebrovascular disease 
depend on lesion load or on cognitive deficits? A video-oculographic and MRI 
study. J Neurol (2014) 261:791–803. doi:10.1007/s00415-014-7275-1 
19. Bhattacharyya N, Gubbels SP, Schwartz SR, Edlow JA, El-Kashlan H, Fife T, et al. 
Clinical practice guideline: benign paroxysmal positional vertigo (update). 
Otolaryngol Head Neck Surg (2017) 156:S1–47. doi:10.1177/0194599816689660 
20. Herdman SJ. Vestibular rehabilitation. Curr Opin Neurol (2013) 26:96–101. 
doi:10.1097/WCO.0b013e32835c5ec4 
Conflict of Interest Statement: No potential conflicts of interest were disclosed. 
Our institution did not receive any payment or services from a third party for any 
aspect of the submitted work. All authors do not declare any financial relationships 
with entities that could be perceived to influence, or that give the appearance of 
potentially influencing. All authors declare no patents or copyrights, whether 
pending, issued, licensed, and/or receiving royalties relevant to the work. All 
authors declare no relationships or activities that readers could perceive to have 
influenced, or that give the appearance of potentially influencing, what you wrote 
in the submitted work.
Copyright © 2017 Cerchiai, Mancuso, Navari, Giannini and Casani. This is an 
open-access article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) or licensor are credited and that the original publica-
tion in this journal is cited, in accordance with accepted academic practice. No use, 
distribution or reproduction is permitted which does not comply with these terms.
